It is unclear how threat-related attentional biases affect multiple attention systems. This study used a new modification of a reaction time paradigm to examine whether inter-trial task-irrelevant fearful faces influenced the efficiency of alerting, orienting, and executive attention, and whether effects varied with level of state anxiety. Participants, 63 non-disordered adults (17 males and 46 females), reported on their subjective state anxiety and completed a modified version of the Attention Network Test in which fearful or neutral faces or control stimuli were presented briefly (50 ms) between trials of the task, but provided no task-relevant information. Across all participants, state anxiety was positively correlated with alerting, whereas fearful versus neutral faces were linked to decreased alerting efficiency. Contrasting high and low anxiety groups showed that fearful versus neutral faces reduced executive attention in the low state anxiety group only, suggesting decreased distraction by irrelevant stimuli in the high state anxiety group. Results document threat-related attentional biases that varied with attention system but failed to find enhanced bias effects among those with higher state anxiety in a typical range. This modification of the Attention Network Test, which added presentation of emotional distracters, provides a potentially useful new method for assessing the impact of taskirrelevant emotional stimuli on three aspects of attention performance.
INTRODUCTION
A prominent theme in research on attentional biases is the facilitated detection of stimuli that signify fear and threat [for a review see Bar-Haim et al., 2007; Bradley et al., 2000; Fox et al., 2002] . Within normative levels, this is an adaptive response because it is often linked to enhanced attention performance, which in turn may serve to prepare the individual to respond to threatening situations. Facilitated threat detection becomes less adaptive, however, when threats are irrelevant to current goals and serve as emotional distracters, thus resulting in attentional interference effects and compromised performance [Compton, 2003] .
Enhanced detection of threat-related stimuli, such as human faces depicting fear, has been uniquely associated with elevated anxiety [Fox et al., 2001; Gasper and Clore, 2002; Keogh and French, 1999; Yiend and Mathews, 2001] . As shown in a recent meta-analysis, however, these effects are somewhat modest [Bar-Haim et al., 2007] . This may be linked to several methodological issues, three of which are the focus of this study. First, reduced effect sizes may be attributable to method variance in the diverse ways attention is measured across studies; few if any simultaneously examine attentional biases in the multiple attention systems delineated by cognitive neuroscience, such as alerting, orienting, and executive attention [Callejas et al., 2004; Fan et al., 2002; Keogh and French, 1999] . Second, anxiety is also measured in multiple ways, including state, trait, and anxiety disorders. The degree to which bias effects are similar across different forms of anxiety might be due to elevated anxious states shared across most forms of anxiety [Compton, 2003] . Relatively few studies, however, focus on anxious states in relation to threat-related attentional biases [Rutherford et al., 2004] . Third, the task relevance of emotional stimuli varies across attentional bias studies. Some use emotional stimuli that are targets of attention during the task [Williams et al., 1996] , whereas others use emotional stimuli that are task-irrelevant distracters [Bishop et al., 2004] . Task-irrelevant stimuli may capture an aspect of emotional processing that is particularly relevant for measuring attentional biases related to interference effects and emotional distractibility: these stimuli must be ignored because they provide no useful information about the task, and this requires the recruitment of attentional resources [Meinhardt and Pekrun, 2003; Mogg et al., 2000; Schupp et al., 2003] . The goal of this study was to address these three methodological issues-the measurement of attention, anxiety, and the nature of emotional stimuli-by examining threat-related attentional biases in relation to three attention systems, alerting, orienting, and executive attention, using a single reaction-time paradigm. We used task-irrelevant emotional stimuli (fearful versus neutral faces or control stimuli) to highlight the potential negative impact of emotional distracters on subsequent attention performance. We tested whether effects were enhanced or reduced in those with relatively high levels of state anxiety in a normative range.
ATTENTION SYSTEMS
Relatively few studies assess multiple aspects of attention in a single paradigm [Callejas et al., 2004; Fan et al., 2002] . This is a critical goal because emotional factors may differentially influence separable attention capacities, such as alerting, orienting, and executive attention [Fan et al., 2002; Posner and Petersen, 1990] , and it is difficult to interpret whether conflicting results are linked to methodological variations across paradigms. Alerting is described as achieving and maintaining a state of awareness, and facilitates heightened readiness for perception and action. Orienting involves the preferential selection of some channels of information (i.e., an area of the left visual field) over others, and in the visual domain includes the ability to engage, disengage, and shift spatial attention. Executive attention involves several aspects of higherlevel regulation of information flow, including the ability to resolve conflict among various competing responses, as illustrated by the engagement of this system in Stroop, Eriksen flanker, and other conflict tasks [Fan et al., 2003] .
Recently, chronometric analyses of each of these networks have been combined into a single assessment with fully randomized conditions within blocks called the Attention Network Test (ANT). This cued reaction-time task produces reliable estimates of the efficiency of each attention network [Fan et al., 2002; Fossella et al., 2002a,b] , and recent neuroimaging efforts have created mappings between these effects and three separate anatomical networks supporting alerting, orienting, and executive attention [Fan et al., 2003] . This study modifies the ANT by inserting intertrial emotional faces. This provides a potentially useful new method for assessing the impact of task-irrelevant emotional stimuli on subsequent attention performance, and could set the stage for subsequent attentional bias studies involving a range of emotional stimuli and emotional states.
THREAT-RELATED ATTENTIONAL BIASES AND ANXIETY
Threat-related biases have been shown to both facilitate and interfere with attention. Facilitation effects are most clearly supported in the case of alerting. For example, human faces displaying fear are detected and responded to more rapidly [Eastwood et al., 2001 Eysenck and Calvo, 1992; Fenske and Eastwood, 2003; Fox et al., 2001 Fox et al., , 2002 Mathews and MacLeod, 1985; Schupp et al., 2003] . In combination with these threat-related biases, high levels of anxiety within a typical range also appear to be positively correlated with heightened attentional processes related to alerting, such as vigilance and detection [Compton, 2003; Keogh and French, 1999; Mogg et al., 1992] .
When threat-related stimuli are emotional distracters rather than targets of an attention task, however, facilitated emotional processing tends to be associated with decrements in attention [Compton, 2003] . For example, fearful stimuli are more difficult to disengage from once attention is captured, particularly among those showing elevated anxiety, leading to compromised alerting and orienting [Derryberry and Reed, 2002; Fox et al., 2001 Fox et al., , 2002 Georgiou-Karistianis et al., 2003; Pollak and Tolley-Schell, 2003; Yiend and Mathews, 2001 ]. This attention capture may also be linked to executive attention deficits documented in conflict interference tasks and the Emotional Stroop [Fenske and Eastwood, 2003; Simpson et al., 2000; Williams et al., 1996] . Consistent with resource allocation models, such interference effects appear to be related to the recruitment of attentional resources away from a target task, and are enhanced when emotional states like anxiety exceed an optimal range or cognitive demands are already high [Easterbrook, 1959; Hanoch and Vitouch, 2004; Leith and Baumeister, 1996; Meinhardt and Pekrun, 2003; Wood et al., 2001] .
Tasks assessing attentional biases in anxiety capitalize on two characteristics of individuals who are anxiety prone. First, anxious individuals, although often performing a primary attention task as well as low anxious individuals, show attention deficits when there is a secondary or dual task-relevant demand [Wood et al., 2001] . This suggests that depletion of general cognitive resources has detrimental effects on attention, but does not speak to whether threat-related attention interference effects are due to increased processing of the affective stimuli Easterbrook, 1959; Ellis and Ashbrook, 1989; Hanoch and Vitouch, 2004; Kliegel et al., 2003; Mogg et al., 2000; Rokke et al., 2002; Schupp et al., 2003; Vuilleumier and Schwartz, 2001] . Task-irrelevant stimuli have the advantage of more directly assessing this possibility: they are not targets of the task, and are completely unrelated to task performance. Interference effects linked to these stimuli are likely to reflect emotional distractibility and capture of attention. This study used task-irrelevant stimuli (fearful and neutral faces, and non-emotional control stimuli) that occurred before the target attention task, and gave no information about the timing or content of the upcoming trial.
A second characteristic is that anxious individuals give priority to threat-relevant stimuli [Mathews and MacLeod, 1994] . These threat-related biases might be linked to evolutionarily adaptive rapid detection and avoidance of potential danger [Mathews, 1990] . Another possibility is that anxious states are associated with reductions in inhibitory control, in particular the inhibition of threat-related and emotionally salient information that is task-irrelevant [Fox et al., 2001; Wood et al., 2001] . It is unclear whether state anxiety within a typical range is linked to reduced inhibition of threat-related distracters (in this study, fearful faces), and whether this has an impact on subsequent alerting, orienting, and executive attention performance. This study's use of a design in which task-independent emotional stimuli precede the measure of attention dissociates the assessment of threat-related bias and attention, thus reducing measurement ambiguity.
Investigations of alerting, orienting, and executive attention are typically studied in separate paradigms (one per attention system) and use task-relevant emotional stimuli that serve as targets or cues [Bush et al., 2000; Williams et al., 1996] . A task that assesses multiple aspects of attention simultaneously has the potential to strengthen the inference that emotions have distinct effects on each attention system. For example, affective factors that have an impact on cognitive load, such as emotional distracters and emotional states outside a typical range, might have an enhanced negative impact on aspects of attention that require more conscious control, such as executive attention [Bush et al., 2000; Compton et al., 2003; Wood et al., 2001] . In one study, for instance, anxiety was associated with reduced effortful inhibition of threat-related stimuli only when mental load was increased or when anxiety was beyond an optimal level [Wood et al., 2001] .
Emotional context is another important factor to consider when interpreting previous studies' results. The significance of stimuli may vary depending on the larger emotional and cognitive context [Compton, 2003; Scerif et al., 2006] . The event-related potential literature suggests, for instance, that affective processing of positive or pleasant stimuli is enhanced when paired with negative stimuli [Cacioppo et al., 1993; Schupp et al., 2003 ]. This study tested whether the impact of neutral faces on attention would be most dissimilar to that of fearful faces (i.e., the pleasant attributes of the neutral faces would be enhanced) if the neutral faces were presented along with fearful faces versus control stimuli. Thus, focusing on the effects of fearful face processing, we expected that fearful faces would be linked to stronger attention interference effects in contrast to neutral faces presented alternately with the fearful faces versus neutral faces presented in a non-emotional control context.
THE CURRENT STUDY
The goal of this study was to address methodological issues raised by previous research on threat-related attentional biases. We modified the ANT to include brief presentations of task-irrelevant fearful faces, neutral faces, or non-emotional stimuli before each trial. This single reaction-time paradigm assesses (a) attentional biases in terms of whether presentation of fearful versus neutral faces facilitates or interferes with the efficiency of three attention systems, alerting, orienting, and executive attention; and (b) whether these patterns vary with state anxiety. On the basis of studies which isolated individual aspects of attention within different tasks [e.g., Eastwood et al., 2003; Mogg et al., 2000] , we expected that irrelevant threatrelated stimuli (fearful faces) would interfere with attention, in particular executive attention which involves more controlled inhibitory processing. We tested for facilitation and interference effects related to higher levels state anxiety: we expected that anxious states would selectively enhance alerting, but might exacerbate interference effects on orienting and executive attention.
METHODS PARTICIPANTS
Participants were 63 adults between the ages of 18 and 32 years (17 males, 46 females), recruited through the psychology participant research pool at an urban college in New York City. Participants were briefly asked to report identified psychological, attentional, or neurological impairments; no participants did so. Selfreported race/ethnicity was as follows: 16 Caucasian, 14 Hispanic, 9 Asian or Pacific Islander, 9 African American, and 15 ''other.''
PROCEDURES AND MEASURES
Participants completed the State Trait Anxiety Inventory [Spielberger, 1983] immediately before completing the ANT to assess state anxiety during the laboratory visit. State anxiety was assessed four additional times following each block of the attention task. Subsequent self-reports of state anxiety did not significantly differ from baseline and thus only baseline scores were used in analyses. Participants were categorized into low and high groups based on sample norms (50th percentile 5 39, low N 5 35, high N 5 28). Division of the sample into three rather than two groups did not appreciably change the pattern of results, but by reducing the number of participants in each group did reduce power to detect significant group differences. Average state anxiety scores in the high anxiety group were M 5 47.04, SD 5 5.71, range 40-64; and M 5 33.17, SD 5 4.84, range 21-39 in the low anxiety group. Scores for the high anxiety group are similar to those reported for a sample of adults with anxiety disorders, M 5 49.02, SD 5 11.62 and consistent with cutoff scores of 40 used in previous studies of anxiety and attention [Richards and French, 1992; Wood et al., 2001] . Scores across the whole sample are consistent with those reported for a normative sample of adults and college students, M 5 36.47, SD 5 10.02 for males and M 5 38.76, SD 5 11.95 for females [Spielberger, 1983] . Scale reliability for all participants was a 5 .93.
ATTENTION TASK
Subjects were then administered the ANT [Fan et al., 2002] . The ANT was modified in this study by inserting inter-trial fearful and neutral faces, or a control stimulus designed to provide no facial or emotional information (gray opaque squares) for 50 ms. The ANT was presented via E-Prime software on an IBM-compatible personal computer running Window XP, presenting to a 14-inch Dell monitor. Participants viewed the screen from a distance of 65 cm, and responses were collected via two buttons on the mouse.
The ANT, illustrated in Figure 1 , combines a cued reaction time and flanker task [Eriksen and Eriksen, 1974] . It quantifies the efficiency of three attention systems by measuring how response times to the target flanker task are influenced by alerting and spatial cues and flankers. Following presentation of the inter-trial stimuli, a cue is presented, followed by the target arrow, which randomly appears either above or below the fixation cross and is surrounded on the left and right by four ''flanker'' stimuli. Participants indicate with one of the two alternative button presses whether the central target arrow points left or right. Figure 1a shows the inter-trial stimuli and Figure 1b shows the cue conditions. Cues modulate whether subjects are alerted to the impending stimulus, and whether subjects are oriented ahead of time to the location of the target. Cues are no cues, double cues (asterisk appears above and below the fixation), center cues (asterisk appears superimposed over the fixation), and spatial cues (asterisk appears above or below the fixation to indicate the location of the subsequent target). Figure 1c shows the flanker stimuli: congruent flankers point in the same direction as the central target arrow, incongruent flankers point in the opposite direction, and neutral flankers have no directional information. Consistent with the classic flanker task, congruent and neutral flankers yield faster reaction times than incongruent flankers due to reduced conflict interference [flanker incongruence; Eriksen and Eriksen, 1974; Fan et al., 2002] .
The experiment consisted of a 24-trial full-feedback practice block (reaction time, whether answer was correct, and cumulative success rate) followed by two blocks of 384 feedback-free trials each, with a brief break in each block after half the trials. Each block included exactly two types of stimuli: One block contained a random mix of fear versus neutral faces and the other block contained a random mix of neutral faces versus control stimuli (opaque gray squares). Stimuli were presented randomly without replacement within each block so that each stimulus type was presented for 50% of the trials within a block. Block order was counterbalanced across subjects. This design allowed us to examine both the transient effects of perceiving fearful faces on subsequent attention performance, and whether the effects of neutral faces differed depending on their emotional context: that is, whether they were in the presence of fearful faces or non-social-emotional stimuli. The non-face condition was not intended to isolate particular aspects of facial processing, but rather to study whether context effects would appear. The control stimulus therefore provided a contrast between a simple, non-social, non-emotional stimulus with a complex, facial, emotional stimulus. Also, throughout the experiment, the inter-trial faces and control stimuli were completely unrelated and uninformative for performance of the primary ANT task. Thus, this measure provides a simple but effective way to examine effects of task-irrelevant emotional stimuli on attention.
As depicted in Figure 1d , each trial consisted of six events: (1) inter-trial stimulus (fear face, neutral face, control stimulus; 50 ms); (2) fixation period (variable 400-1300 ms); (3) cue condition (no cue, center cue, double cue, spatial cue; 100 ms); (4) fixation period (400 ms); (5) simultaneously presented target and flanker stimuli (terminated at response up to 1,700 ms); and (6) post-target fixation period (variable, based on the first fixation duration minus the reaction time for that trial). Each trial lasts for 4,050 ms. Subjects were encouraged to take a short rest between 192-trial blocks.
Efficiency of the three attentional networks, alerting, orienting, and executive attention, is determined by measuring how response times to the flanker displays are influenced by alerting cues, spatial cues, and flanker type [see Fan et al., 2002 for additional details]. Efficiency alerting is calculated as reaction time following no cueÀreaction time double cue. The double cue was used because it diffuses attention between the two potential target locations while alerting the participant to the arrival of the target. Higher scores indicate greater alerting efficiency due to presence of cues. The efficiency of orienting is calculated as reaction time following center cueÀ reaction time spatial cue. Higher scores indicate greater orienting efficiency due to presence of spatially predictive information of one cue, whereas controlling for alerting effects in the other. The efficiency of executive attention is calculated as reaction time to incongruent flankersÀreaction time to congruent flankers. Higher scores indicate greater conflict interference and thus less efficient executive attention.
Neutral flankers were retained in this study to confirm that the addition of the inter-trial stimuli did not change basic properties of the task (e.g., only small differences between reaction times for the congruent and neutral flanker conditions). This aspect of the design represented a replication of the stimulus protocol from the Fan et al. [2002] study. In this initial study, neutral flankers were included in hopes of capturing the specific benefit that congruent flankers provide, but unfortunately the initial study failed to capture any such effects. Therefore, in this replication and extension, the stimulation protocol was retained from the original study, but the design for the analysis and hypothesis testing was simplified to create a Conflict Interference score with only two levels (congruent and incongruent flankers). The neutral trials were retained in the design for the sole purpose of replication integrity.
FEARFUL AND NEUTRAL FACES
Stimuli were fearful and neutral faces taken from a battery developed by the Research Network on Early Experience and Brain Development, which contains 646 facial expressions posed by actors of varying ethnicities [Tottenham et al., 2002] . Faces used in this study were selected based on normative ratings of the faces for fearful and neutral facial expressions. Faces were presented between trials of the attention task. Half of the participants were presented with 16 neutral and 16 fearful faces, posed by 16 actors (one neutral and one fearful face from each actor). Twelve instances of each face were used in each block of 192 trials. Given potential concerns with frequency of presentation effects (neutral faces were seen in twice as many trials as fearful faces across all four blocks) the second half of the sample was run with a modified subset of 24 faces, which were selected to form three groups of faces: eight fear (from eight actors), and two groups of eight neutral (from 16 actors), counterbalanced across blocks.
RESULTS
We first tested whether the modified ANT replicated previous results of the ANT task by conducting a Cue (no, center, double, spatial) Â Flanker (congruent, incongruent, neutral) analysis of variance on reaction times. We next conducted a multivariate analysis of variance to examine the impact of state anxiety and the four face-type conditions (fearful, neutral-f (neutral with fear faces), neutral-c (neutral with control stimuli), and control stimulus) on the efficiency of alerting, orienting, and executive attention. Table 1 presents mean reaction times for all Cue and Flanker conditions, error rates, and attention efficiency scores separately by face type and low and high state anxiety groups. Patterns of results were identical between the two sets of face stimuli, and thus data were combined. No significant gender differences appeared for any of the variables in this study. Thus, gender was not included in subsequent analyses.
Consistent with the unmodified ANT [Fan et al., 2002 [Fan et al., , 2003 ], there was a main effect of Cue showing that reaction times were fastest for spatial versus all other cues, F(3,60) 5 111.44, Po.001, and a main effect of Flanker showing that reaction times were fastest for congruent and neutral versus incongruent flankers, F(2,61) 5 275.06, Po.001, all follow-up t-tests Po.05. The significant interaction between Cue and Flanker, F(6,57) 5 13.93, Po.001, is depicted in Figure 2 . Following all cueing conditions, reaction times were increased for incongruent flankers compared with congruent and neutral flankers, though this effect of incongruent flankers was reduced (reaction times were faster) following spatial cues. Patterns of correlation among attention system were also consistent with those reported for the unmodified ANT: alerting and orienting were not significantly correlated with executive attention (r 5 .14 and À.01, respectively). Unlike previous studies, alerting and orienting showed a significantly positive correlation (r 5 .31, Po.05) suggesting attentional interdependence as well.
To test for the effects of emotional Face Type and State Anxiety group on attention, separate analyses were conducted for each attention system. We were interested in how main effects within each attention network may be influenced by state anxiety and emotional context, rather than exploring potentially complex patterns across all attention systems, which would have required a much greater number of participants to resolve. In addition, efficiency scores are on different scales (e.g., the flanker effect used to calculate conflict results in much larger numbers than that for alerting or orienting) and thus cannot be easily compared.
The analysis of the orienting scores showed that there were no significant effects of State Anxiety or Face Type on orienting (all Ps 4.30).
The analysis of the alerting scores revealed a main effect of Face Type, F(3, 59) 5 3.57, Po.06, which just missed significance, but suggested that fearful faces interfered with achieving an alert state: Alerting was reduced following fearful versus neutral-f faces, t(62) 5 À2.12, Po.05, (M 5 24.31, SE 5 3.50 for fearful faces and M 5 34.71, SE 5 3.96 for neutral-f faces). No other comparisons reached significance (M 5 31.53, SE 5 3.39 for neutral-c faces and M 5 29.93, SE 5 3.54 for control stimulus).
Lastly, the analysis of the executive attention scores showed a significant interaction between Face Type and State Anxiety, F(3, 59) 5 4.15, Po.05, which also showed interference effects of fearful faces, but for the low anxiety group only. As seen in Figure 3 , within the low state anxiety group, executive attention was reduced (i.e., higher conflict interference) following fearful versus neutral-f faces, t(34) 5 2.26, Po.05. Interestingly, reaction times for control stimuli were second only to fearful faces, suggesting the incongruence or salience of the control stimuli may have captured attention. The differences among fearful and neutral-c faces and control stimuli did not reach significance, and conflict scores for low versus high state anxiety groups did not significantly differ.
Although the effect of State Anxiety group on alerting did not reach significance, state anxiety was positively correlated with alerting across all emotion conditions, r 5 .33, Po.01, but was not significantly correlated with orienting or conflict.
DISCUSSION
This study introduced a novel modification of the ANT. The modification adds presentation of taskirrelevant emotional and non-emotional stimuli in between trials of this cued reaction-time task designed to simultaneously generate measures of three attention systems, alerting, orienting, and executive attention. This provides a potentially useful new method for assessing the impact of task-irrelevant emotional stimuli on subsequent attention performance, and could set the stage for additional attentional bias studies involving a range of emotional stimuli and emotional states. In this study, we examined threatrelated attentional biases related to state anxiety. Results complement previous research by demonstrating that even briefly presented task-irrelevant fear stimuli selectively compromise distinct attention systems [Callejas et al., 2004; Ö hman et al., 2001] . In addition, state anxiety and the presence of fearful faces had unique influences on each attention system, suggesting that attentional biases may have specific rather than generalized enhancement and interference effects depending on attention systems. Alerting was compromised for all participants following presentation of fearful versus neutral-f faces-that is, for those blocks of trials in which fearful and neutral faces alternated. Although some studies show facilitation of alerting by fearful and negative faces [e.g., Eastwood et al., 2001] , when threat-related stimuli are emotional distracters rather than targets of an attention task, as in this study, interference effects may emerge [Compton, 2003] . One explanation for this is that individuals, regardless of anxious state, found it more difficult to disengage from the salient fearful faces [Derryberry and Reed, 2002; Fox et al., 2002] . Cognitive control may have been recruited to ignore fearful faces and thus diverted resources away from attention performance on the subsequent task [Wood et al., 2001] . This is consistent with resource allocation models which hypothesize that facilitation of emotional processing can divert attentional resources to the detriment of other cognitive processes [Compton, 2003; Easterbrook, 1959; Meinhardt and Pekrun, 2003] . This is also consistent with competition models of the interaction between affective processing and executive attention: functional imaging studies, for example, document reciprocal suppression between brain activity related to negative emotion and frontally mediated executive attention processes [Bush et al., 2000; Mayberg, 1997; Williams et al., 1996] .
In contrast, results differed from typical resource allocation accounts of anxiety and attention which posit that anxiety beyond an optimal level should exacerbate threat-related attentional biases [Compton, 2003; Easterbrook, 1959] . We detected a more complex pattern of results: higher state anxiety was associated with enhanced alerting, and within the low state anxiety group only executive attention was less efficient (greater conflict interference) following fearful versus neutral-f faces. These findings differ from previous studies that document disruptive effects of threat stimuli in groups showing relatively high anxiety [e.g., Bush et al., 2000; Fox et al., 2002; Williams et al., 1996] . Because state anxiety was within a typical range, even relatively high anxiety may fall within an optimal level of arousal and thus serve to increase alertness and decrease distraction by irrelevant stimuli. That is, if relatively anxious participants felt more anxious about performing well on the task, this might serve to enhance general alertness toward the task rather than the distracting faces. The low anxiety group might have shown state anxiety below optimal levels, and thus not benefited from factors serving to increase task focus. Facilitation is arguably more likely when emotional distracters are not the target of the task. This methodological characteristic of the modified ANT is critical to consider when comparing patterns of results with those using paradigms in which emotional stimuli are targets of the task [Bishop et al., 2004; Compton, 2003] .
Consistent with previous research, emotional context had an impact on results [Cacioppo et al., 1993] . The influence of fearful faces was only significant in comparison with trials preceded by neutral faces alternating with fearful faces in the same block of trials. The differences between fearful and neutral-c faces (which alternated with non-emotional control stimuli) did not reach significance. This suggests that the immediate emotional context, rather than the emotional content alone, is relevant to threat-related attentional biases. Results suggested a lack of ''emotional contagion'' in which the effects of neutral-f faces would resemble that of fearful faces. Future research should examine facilitation as well as interference effects in contrasting emotional contexts, as well as the potential for particularly powerful emotional stimuli to override the effects of less emotionally intense stimuli within the same context. This study's emotional stimuli were not highly salient: exposure to them did not increase self-reported state anxiety post baseline, did not greatly increase perceptual or cognitive load, and was independent of the target task. This implies that even very brief emotional information can create an emotional context that constrains attention and prepares individuals for action. By bringing these various factors of emotion and attention together into a single reaction time experiment, this study was able to directly compare the emotional modulation of three distinct attention systems in a non-clinical sample, and contrast the impact of emotional individual differences (state anxiety) and emotional stimuli (fearful faces).
There were several methodological limitations and issues. First, the small sample size limited the power and generalizability of results. Second, by modifying the ANT, we may have influenced its psychometric properties. For example, we found that alerting was correlated with orienting, perhaps reflecting the modifications of the timeline of the task or an overall increase in alerting levels associated with the face stimuli. This is inconsistent with initial research on the ANT [Fan et al., 2002 [Fan et al., , 2003 ], but one study reported such inter-correlations when the ANTwas modified to include a modification in which an independent variable is used to measure alerting and a non-predictive spatial cue to measure orienting [Callejas et al., 2004] . An interesting possibility is that interdependence among attention systems is enhanced by the presence of an emotional manipulation. That is, one function of emotion may be to coordinate cognitive functions to facilitate adaptation to environmental challenges [Lewis, 2005] . Third, a question raised by the methodological design is whether emotional effects on attention are reducible to arousal effects. Because we did not compare faces that held arousal constant, it is not possible to assess this question. Future work could address this issue by exploring valence versus arousal effects, and utilizing measures that capture the rapid time course of emotional processing, such as eventrelated brain potentials.
This study introduced a potentially useful modification of an existing attention task that produces simultaneous measures of three attention systems defined by cognitive neuroscience, alerting, orienting, and executive attention [Fan et al., 2002] . It addressed a gap in the literature on threat-related attentional biases by combining three factors that have received relatively little empirical attention: state anxiety, task-irrelevant emotional stimuli, and measurement of multiple attention systems in a single reaction time paradigm. In contrast to previous literature, the clearest threatrelated attentional biases were present among those reporting relatively low levels of state anxiety; the high state anxiety group appeared more impervious to emotional distracters. Although much future research is needed, results suggest that state anxiety and perception of fearful faces had an effect on attention, but that these effects played out differently as facilitation or interference depending on attention system. Findings are relevant for understanding relations among state anxiety, attentional biases, and distinct attention functions, and may provide a basis for better understanding the vulnerabilities associated with clinical anxiety disorders.
